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HBsAg LEVEL IN SERUM ~o- GLETVO. lpk PO 0D
-~ 159 - 3X30mpk SC QOD
o= 11162- 3X30mpk SC QOD
—# 109~ 3X30mpk SC QOD
Sh = 159-3X30mpk SC QOD

DAY -23: INJECTION

B e e 2w 2 2 2 2 2w 23 v o2 2> o> a2 2> > 20 > 2 s €

LLOD=153

B2 s on on e on e e e

8 -21 -14 -7 0 7 14
DAY POST-FIRST DOSE

DAY -28: ALL MICE WERE INJECTED WITH AAV-HBY VIRUS 7
DAY 0: ALL MICE WERE FIRST DOSED WITH VEHICLE OR COMPOUNDS

5-mGpemApsmUpsmUpsmApsmUpsOpsCosApsGpsApsUpstpaTosmGpsmApsmAp
smApsimApsmApsinG-GalNAc-3

5-mGpsmApsmUpsmlipsmApsGpsGpsCpsApsGpsApsGpsCGps TosmGpsmApsmAps
mApsmApsaApsmG-GalNAc-3’

5 mApsmApsmOpsmA psGpsApsGpsGpsTpstpsd meCosGnsdmeCosdmeCnsime
Cps3memCpsimGpemUpsmGpsmG ~GalNag ¥

5" 5memCpsmUpsmApsmGmGpsApsGpsTpsTpsimeCpsdmeCpsGpsdmeCrsApsGy
smUpsmApsmUpssGpsmG-Galhac 3

FIG. 3
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MODIFIED OLIGONUCLEOTIDES AND
METHODS OF USE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a U.S. application claim-
ing the benefit of priority to U.S. Provisional Application
No. 62/394,738, filed Sep. 14, 2016 and U.S. Provisional
Application No. 62/394,739, filed Sep. 14, 2016, the entire-
ties of which are hereby incorporated by reference.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Oct. 30, 2017, is named 112059-
0132 SL.txt and is 186,888 bytes in size.

BACKGROUND

[0003] Antisense oligonucleotide therapies have been con-
sidered for treatment or prevention of various diseases and
conditions such as viral diseases, neurological diseases,
neurodegenerative diseases, fibrotic diseases, hyperprolif-
erative diseases.

[0004] Certain viral diseases such as hepatitis B (HBV)
remain elusive from conventional therapies while continu-
ing to infect an estimated 240 million people (defined as
HBV surface antigen positive for at least 6 months) and
contributing to the deaths of more than 686,000 people every
year. Conventional therapies including oral anti-viral
nucleotide analog treatments, such as tenofovir or entecavir,
only suppresses the replication of the virus and do not cure
the HBV infection. Therefore, even those treated with cur-
rent HBV therapies must continue their treatment for life.

[0005] Oligonucleotides can bind a complimentary RNA
or DNA sequence. This feature enables oligonucleotides to
bind specific nucleic acid targets involved in many aspects
of cellular processes such as metabolism, differentiation,
proliferation, viral replication, etc. Oligonucleotides can
also be engineered to cleave target RNA through RNase H
mechanism or RISC pathway; block micro RNA binding,
change RNA splicing pattern, or bind to targets as aptamers
once they bind to their specific target. For example, chimeric
oligonucleotides, such as “gapmers” include a portion of the
oligonucleotide that attracts RNase H enzyme to the site
where the oligonucleotide binds to the RNA region. Subse-
quent activation of RNase H results in cleavage of the
genetic target, thereby inhibiting the function of the genetic
target such as gene expression or replication of a virus.

[0006] Accordingly, there is a need in the art to discover
and develop new therapies with different mechanisms of
action, increased potency, increased affinity and/or
decreased side-effects.

SUMMARY

[0007] The present disclosure relates to compounds and
compositions containing oligonucleotides and their use in
preventing or treating diseases and conditions, e.g., HBV.

May 17, 2018

[0008] Some embodiments include an oligonucleotide
comprising one or more nucleotides of Formula (I):

M

wherein R is H or a positively charged counter ion, B is a
nucleobase, R, is —(CR',),OCR';, and R’ is independently
in each instance H or F. In some embodiments, each nucleo-
tide of said oligonucleotide is a nucleotide of Formula (I). In
some embodiments, the oligonucleotide comprises 2 to 40
nucleotides. In some embodiments, the oligonucleotide
comprises 2-26 nucleotides of Formula (I). In some embodi-
ments, the oligonucleotide comprises 5-10 nucleotides of
Formula (I). In some embodiments, B is an unmodified
nucleobase in at least one nucleotide of Formula (I). In some
embodiments, B is a modified nucleobase in at least one
nucleotide of Formula (I). In some embodiments, B is an
unmodified nucleobase in each nucleotide of Formula (I). In
some embodiments, B is a modified nucleobase in each
nucleotide of Formula (I). In some embodiments, each R’ is
H in at least one nucleotide of Formula (I). In some
embodiments, each R'is H in each nucleotide of Formula (I).
In some embodiments, R, is —(CH,),OCH; in at least one
nucleotide of Formula (I). In some embodiments, R, is
—(CH,),OCHj; in each nucleotide of Formula (I). In some
embodiments, the oligonucleotide further comprises one or
more nucleotides of Formula (II):

an

e}
O
[e~]

wherein Y is S or O, R is H or a positively charged counter
ion, B is a nucleobase, R, is —CR';, —CR',OCR';, —(CR',)
;OCR'; or —(CR',), ,CR'3, or R, is —(CR',),OCR'; and Y
is O, and R' is independently in each instance H or F. In some
embodiments, the oligonucleotide comprises at least one
nucleotide of Formula (II), where R, is —CR';. In some
embodiments, the oligonucleotide comprises at least one
nucleotide of Formula (II), where R, is —(CR',), ,OCR';. In
some embodiments, the oligonucleotide comprises at least
one nucleotide of Formula (I1), where R, is —(CR',), ,CR';.
In some embodiments, B is a modified nucleobase in at least
one nucleotide of Formula (II). In some embodiments, Y is
S in at least one nucleotide of Formula (II). In some
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embodiments, Y is O in at least one nucleotide of Formula
(II). In some embodiments, Y is S in each nucleotide of
Formula (II). In some embodiments, Y is O in each nucleo-
tide of Formula (II). In some embodiments, the oligonucle-
otide further comprises one or more nucleotides of Formula
(Illa) or Formula (I1Ib):

(ITla)

,Nv(”"’

¢}

B
o]
HN o F
\,~
7~
RY
(I1Ib)
0 B
o]
F,
HN o
\ ~

wherein Y is S or O, R is H or a positively charged counter
ion, and B is a nucleobase. In some embodiments, the
oligonucleotide further comprises one or more nucleotides
of Formula (V'):

)

wherein Y is S or O, R is H or a positively charged counter
ion, B is independently in each instance a natural or an
unmodified nucleobase or a modified nucleobase, A is
—(CR"R"), ,—and R" is independently in each instance H,
F or Me. In some embodiments, the oligonucleotide is
arranged in a construct of Formula (VI): 5'X—Y—Z7 3' (V]),
wherein each of X, Y and Z is a domain comprising 2-14
nucleotides, at least one of the X and Z domains comprising
at least one nucleotide of Formula (I), and wherein each of
the nucleotides of the Y domain is a 2'-deoxynucleotide. In
some embodiments, the oligonucleotide comprises 18 to 22
nucleosides. In some embodiments, the X and Z domains
each comprise 5-10 nucleotides. In some embodiments, the
Y domain comprises 5-10 nucleotides. In some embodi-
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ments, the X and Z domains each comprise 5-10 nucleotides,
and the Y domain comprises 5-10 nucleotides. In some
embodiments, the X and Z domains each comprise 5 nucleo-
tides, and the Y domain comprises 10 nucleotides. In some
embodiments, each nucleotide of the X and Z domains is a
nucleotide of Formula (I). In some embodiments, at least
one nucleotide of the X domain and at least one nucleotide
of the Z domain are each independently selected from the
group consisting of a nucleotide of Formula (II), a nucleo-
tide of Formula (IIIa), and a nucleotide of Formula (IIIb). In
some embodiments, each of the at least one nucleotide of the
X and Z domains are the same nucleotide. In some embodi-
ments, each nucleotide of the Y domain is linked through
thiophosphate intersubunit linkages. In some embodiments,
the oligonucleotide is single stranded. In some embodi-
ments, the oligonucleotide is an antisense oligonucleotide.
In some embodiments, the oligonucleotide is complemen-
tary to a sequence of the HBV genome.

[0009] Another embodiments include a chimeric oligo-
nucleotide represented by Formula (VI):

5X—Y—7-3' 1),

wherein X—Y—7Z is a chimeric oligonucleotide comprising
a sequence of 18 to 22 nucleosides, and is optionally
conjugated at the 5' and/or 3' end to a ligand targeting group
or a pharmacophore; X is a domain comprising a sequence
of modified nucleosides that is 3-10 nucleosides in length; Z
is a domain comprising a sequence of modified nucleosides
that is 3-10 nucleosides in length; and Y is a domain
comprising a sequence of 2 to 14 2'-deoxy-nucleosides
linked through thiophosphate intersubunit linkages. In some
embodiments, the Y domain is 6 to 10 nucleosides in length.
In some embodiments, X and/or Z domains comprise a
sequence of modified nucleosides linked through N3'—P5'
phosphoramidate or N3'—P5' thiophosphoramidate inter-
subunit linkages. In some embodiments, the Y domain
comprises at least one phosphodiester intersubunit linkage.
In some embodiments, the Y domain consists of 2'-deoxy-
nucleosides linked through thiophosphate intersubunit link-
ages, and optionally one or two phosphodiester intersubunit
linkage. In some embodiments, the X domain comprises
modified nucleosides where the modification is indepen-
dently selected from the group consisting of 2'-F, 2'-F—
N3'—=P5', 2'-OMe, 2'-OMe-N3'—=P5', 2'-O-methoxyethoxy,
2'-0O-methoxyethoxy-N3'—P5', conformationally restricted
nucleosides, 2'-OH—N3'—P5' thiophosphoramidate and
2'-OH—N3'—P5' phosphoramidate. In some embodiments,
the functional domain of Z comprises modified nucleosides
where the modification is selected from the group consisting
of 2'-F, 2'-F—N3'—=P5', 2'-OMe, 2'-OMe-N3'—P5', 2'-O-
methoxyethoxy, 2'-O-methoxyethoxy-N3'—=P5', conforma-
tionally restricted nucleosides, 2'-OH—N3'—P5' thiophos-
phoramidate and 2'-OH—N3'-=P5' phosphoramidate. In
some embodiments, the X and/or Z domains comprise one
or more 2'-deoxy-nucleosides linked through a N3'—P5'
phosphoramidate intersubunit linkage. In some embodi-
ments, the X and Z domains comprise one or more 2'-ara-
bino-F and/or 2'-ribo-F modified nucleoside, wherein each
said nucleoside is independently linked through at least one
of an N3'—=P5' phosphoramidate or N3'—P5' thiophospho-
ramidate intersubunit linkage. In some embodiments, the X
and Z domains comprise one or more 2'-OMe modified
nucleosides, wherein each said nucleoside is independently
linked through at least one of N3'—=P5' phosphoramidate,



US 2018/0135054 Al

N3'—P5' thiophosphoramidate, or thiophosphate intersub-
unit linkages. In some embodiments, the modified nucleo-
sides in each of the X and Z domains are 2'-OMe modified
nucleosides linked through thiophosphate intersubunit link-
ages, and wherein the modified nucleosides include 5-meth-
ylcytosine nucleobases, but optionally not cytosine. In some
embodiments, the modified nucleosides include 2,6-diamin-
opurine nucleobases, but optionally not adenine. In some
embodiments, the modified nucleosides include 5-methylu-
racil nucleobases, but optionally not uracil. In some embodi-
ments, the modified nucleosides include 2,6-diaminopurine
nucleobases, but not adenine and S5-methyluracil nucle-
obases, but optionally not uracil. In some embodiments, the
Y domain comprises 6-8 2'-deoxy-nucleosides. In some
embodiments, the modified nucleosides in each of the X and
7 domains comprise 2'-OMe modified nucleosides and con-
formationally restricted nucleosides optionally linked
through thiophosphate intersubunit linkages, and wherein
the 2'-OMe modified nucleosides include 5-methylcytosine
nucleobases, but optionally not cytosine. In some embodi-
ments, the modified nucleosides in each of the X and Z
domains comprise 2'-OMe and conformationally restricted
nucleosides. In some embodiments, the modified nucleo-
sides in each of the X and Z domains comprise conforma-
tionally restricted nucleosides and, wherein at least one
modified nucleoside includes a N3'—P5' phosphoramidate
or a N3'—=P5' thiophosphoramidate intersubunit linkage. In
some embodiments, the Y domain comprises 7-8 2'-deoxy-
nucleosides. In some embodiments, the 2'-OMe modified
nucleosides include 5-methyluracil nucleobases, but option-
ally not uracil. In some embodiments, the Y domain com-
prises 9-10 2'-deoxy-nucleosides. In some embodiments, the
X and Z domains comprise nucleotides represented by the
Formula (Ix):

)

wherein A is independently in each instance NH or O; B is
independently in each instance an unmodified or modified
nucleobase; W is independently in each instance OR or SR,
where R is H or a positively charged counter ion; R' and R"
are each independently in each instance selected from the
group consisting of H, F, Cl, OH, OMe, Me, and
O-methoxyethoxy; R™ is H, or R' and R™ together form
—O—CH,— or —O—(CH,),—, and a is an integer of 3 to
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9, wherein when R', R" and R™ are each H, then A is NH,
and optionally when A is O, then W is SR. In some
embodiments, the ligand targeting group or a pharmacoph-
ore is selected from the group consisting of Chol., Toco,
Palm, GalNAc, MGB-1, MGB-2, Acr-, Pyr-, Steroyl, HEG
linker, a C7 amino linker, and combinations thereof. In some
embodiments, the X and/or Z domain comprises one or more
oligonucleotide where the modification is 2'-O-methoxy-
ethoxy-N3'—P5'. In some embodiments, the X domain
comprises one or more oligonucleotide where the modifi-
cation is 2'-O-methoxyethoxy-N3'—P5'. In some embodi-
ments, the Z domain comprises one or more oligonucleotide
where the modification is 2'-O-methoxyethoxy-N3'—P5'. In
some embodiments, the construct of said oligonucleotide
corresponds to a construct of Table B.

[0010] Other embodiments include a chimeric oligonucle-
otide represented by Formula (VII):

5 X—Y"—7-3 (VID),

wherein X'—Y'—Z7' is a chimeric oligonucleotide compris-
ing a sequence of 16 to 22 nucleosides, and is optionally
conjugated at the 5' and/or 3' end; X' is a domain comprising
a sequence of modified nucleosides that is 3-10 nucleosides
in length; 7' is a domain comprising a sequence of modified
nucleosides that is 3-10 nucleosides in length; and Y' is a
domain comprising a sequence of 2 to 4 2'-deoxy-nucleo-
sides linked through intersubunit linkages, wherein the X'
and/or Z' domains comprise a sequence of modified nucleo-
sides linked through N3'—P5' phosphoramidate or N3'—P5'
thiophosphoramidate intersubunit linkages. In some
embodiments, the Y' domain consists of 2'-deoxy-nucleo-
sides linked through thiophosphate intersubunit linkages,
and optionally one phosphodiester intersubunit linkage. In
some embodiments, the X' domain is 9 or 10 nucleosides in
length. In some embodiments, the X' domain comprises
modified nucleosides where the modification is selected
from the group consisting of 2'-F, 2'-F—N3'—P5', 2'-OMe,
2'-0O-methoxyethoxy, 2'-O-methoxyethoxy-N3'—P5', and
conformationally restricted nucleosides. In some embodi-
ments, the Z' domain comprises modified nucleosides where
the modification is selected from the group consisting of
2'-F, 2'-=F—N3'—P5', 2'-OH, 2'-OMe, 2'-O-methoxyethoxy,
2'-O-methoxyethoxy-N3'—=P5',  and  conformationally
restricted nucleosides. In some embodiments, the X' and/or
7' domains comprise one or more 2'-arabino-F and/or
2'-ribo-F modified nucleoside. In some embodiments, the
modified nucleosides in the X' and/or Z' domains comprise
2'-OMe and conformationally restricted nucleosides. In
some embodiments, the modified nucleosides in the X'
and/or 7' domains comprise conformationally restricted
nucleosides and a N3'—=P5' modification. In some embodi-
ments, the sequence is selected from those in Table C having
a 2-4 nucleotide Y domain. Other embodiments include a
chimeric oligonucleotide, wherein the sequence of said
oligonucleotide corresponds to a sequence listed in Table C.

[0011] Other embodiments include an oligonucleotide
comprising one or more nucleotides of the following For-
mula (A):
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(VIII)

By
(@]
Ra",
RS
X4 Ra’'
\ 20

wherein X, is NH or O, Y is OR or SR, where Ris Hor a
positively charged counter ion, B, is independently in each
instance a natural or an unmodified nucleobase or a modified
nucleobase, R,' and R," are each independently in each
instance selected from H, F, OH, OMe, Me, O-methoxy-
ethoxy, and R, is H or R, and R, together form
—0O—CH,— or —O—(CH,),—. In some embodiments,
R, and R " are H; and R ;" is F. In some embodiments, R '
and R," are H; and R,/ is F, OH, H or OMe. In some
embodiments, X, is NH; B is an unmodified or modified
nucleobase; R ;' and R "™ together form a conformationally
restricted nucleoside (e.g., —O—CH,— or —O—(CH,)
»,—); and R /" is H. In some embodiments, at least one of R '
and R " is H. In some embodiments, when B is a purine
nucleobase at least one of R, and R " is OH or F, and/or
when B, is a pyrimidine nucleobase at least one of R ;' and
R," is OMe, OH or F. In some embodiments, the modified
nucleobase is selected from S-methylcytosine, 2,6-diamin-
opurine, 5-methyluracil, and a g-clamp. In some embodi-
ments, the nucleotides of Formula (A) include those in Table
G. In some embodiments, the nucleotide of Formula (A)
includes a sequence listed in Table H. In some embodiments,
the nucleotide of Formula (A) includes a sequence 1, 2, 3,
4, or 5 nucleobases different from a sequence selected from
those in Table B.

[0012] Other embodiments include an oligonucleotide
comprising ten or more nucleotides of the following For-
mula (IX):

,w\'("ﬂ w
(@] By
(@]
Rp’,
RE"
HN O Re
\P =z

wherein R is H or a positively charged counter ion, By is
independently in each instance a natural or an unmodified
nucleobase or a modified nucleobase, R;' and R;" are each
independently in each instance selected from H, F, OMe,
Me, O-methoxyethoxy, and R;" is H or Ry and R;™
together form —O—CH,— or —O—(CH,),—. In some
embodiments, Rz' and Rz" are H; and R;" is F. In some
embodiments, R;' and R;" are H; and RS is F, OH, H or
OMe. In some embodiments, Bz is an unmodified or modi-
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fied nucleobase; R;' and Rz™ together form a conformation-
ally restricted nucleoside (e.g., —O—CH,— or —O—
(CH,),—); and Rz" is H. In some embodiments, at least one
of R;' and R;" is H. In some embodiments, when B is a
purine nucleobase at least one of R;' and R;" is OH or F,
and/or when By is a pyrimidine nucleobase at least one of
Ry and R;" is OMe, OH or F. In some embodiments, the
modified nucleobase is selected from S5-methylcytosine,
2,6-diaminopurine, 5-methyluracil, and a g-clamp. In some
embodiments, the nucleotides of Formula (B) include those
in Table A where X, is NH. In some embodiments, the
nucleotide of Formula (B) includes a sequence listed in
Table B. In some embodiments, the nucleotide of Formula
(B) includes a sequence 1, 2, 3, 4, or 5 nucleobases different
from a sequence selected from those in Table B. In some
embodiments, every oligonucleotide is a nucleotide of the
Formula (B).

[0013] Other embodiments include a pharmaceutical com-
position comprising an oligonucleotide of any of the pre-
ceding embodiments and a pharmaceutically acceptable
excipient. In some embodiments, the composition is suitable
for intravenous or subcutaneous delivery. Other embodi-
ments include a method of inhibiting Hepatitis B virus
(HBV) gene expression in a cell comprising contacting the
cell with an oligonucleotide or composition of any of the
preceding embodiments. Other embodiments include a
method of inhibiting replication of a Hepatitis B virus
(HBV) in a cell comprising contacting the cell with an
oligonucleotide or composition of any of the preceding
embodiments. Other embodiments include a method of
treating a subject having a Hepatitis B virus (HBV) infec-
tion, comprising administering to the subject a therapeuti-
cally effective amount of an oligonucleotide or composition
of any of the preceding embodiments. Other embodiments
include a, oligonucleotide of any of the preceding embodi-
ments, wherein said oligonucleotide complexed with an
HBYV genome sequence has a melting temperature (Tm) of
>37° C. Other embodiments include a method of treating a
subject having a Hepatitis B virus (HBV) infection, com-
prising administering to the subject a therapeutically effec-
tive amount of an oligonucleotide or composition of any of
the preceding embodiments. Other embodiments include a
method of inhibiting expression of a target RNA in a cell
comprising contacting the cell with an oligonucleotide or
composition comprising said oligonucleotide of any of the
preceding embodiments, wherein the chimeric oligonucle-
otide contains a nucleobase sequence that is complementary
or hybridizes to a portion of the target RNA. Other embodi-
ments include a method of inhibiting replication of a virus
in a cell comprising contacting the cell with an oligonucle-
otide or composition comprising said oligonucleotide of any
of the preceding embodiments, comprising said oligonucle-
otide contains a nucleobase sequence that is complementary
or hybridizes to a portion a viral target RNA. Other embodi-
ments include a method of treating a subject having a viral
infection, comprising administering to the subject a thera-
peutically effective amount of an oligonucleotide or com-
position comprising said oligonucleotide of any of the
preceding embodiments, wherein the oligonucleotide con-
tains a nucleobase sequence that is complementary or
hybridizes to a portion of viral target RNA. Other embodi-
ments include a method of modulating expression of a target
by contacting a target nucleic acid with an antisense com-
pound comprising an oligonucleotide or composition com-
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prising said oligonucleotide of any of the preceding embodi-
ments, wherein the oligonucleotide contains a nucleobase
sequence that is complementary or hybridizes to a portion of
target nucleic acid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1A shows HBsAg serum levels. FIG. 1B
shows HBeAg serum levels. FIG. 1C shows DNA serum
levels.

[0015] FIG. 2A show results HBsAg serum levels for a
GalNAc conjugated compound of the present disclosure for
IV administration. FIG. 2B shows HBsAg serum levels for
a GalNAc conjugated compound of the present disclosure
for SC administration.

[0016] FIG. 3 shows HBsAg reduction levels for GalNAc
conjugated compounds of the present disclosure. FIG. 3
discloses SEQ ID NOS 576-579, respectively, in order of
appearance.

[0017] FIGS. 4A-4C show in vivo HBsAg, HBeAg and
Serum HBV DNA data in an AAV-HBV mouse model for
compounds of the present disclosure. F1G. 4A shows HBsAg
serum levels.

[0018] FIG. 4B shows HBeAg serum levels. FIG. 4C
shows HBV DNA levels.

[0019] FIGS. 5A-5C show in vivo HBsAg, HBeAg and
serum HBV DNA data in an AAV-HBV mouse model for
compounds of the present disclosure. F1G. 5A shows HBsAg
serum levels.

[0020] FIG. 5B shows HBeAg serum levels. FIG. 5C
shows HBV DNA levels.

[0021] FIGS. 6A-6C show in vivo HBsAg, HBeAg and
serum HBV DNA data in an AAV-HBV mouse model for
compounds of the present disclosure. F1G. 6A shows HBsAg
serum levels.

[0022] FIG. 6B shows HBeAg serum levels. FIG. 6C
shows HBV DNA levels.

[0023] FIGS. 7A-7B show various compounds of the
present disclosure (SEQ ID NOS 580-586, respectively, in
order of appearance) and their respective complimentary
sites for the HBV (+) strand genome.

[0024] FIG. 8 shows HBsAg level in serum for two
oligonucleotides described in Table 29.

[0025] FIG. 9A shows HBsAg level in serum for two
oligonucleotides described in Table 30.

[0026] FIG. 9B shows HBeAg level in serum for two
oligonucleotides described in Table 30.

[0027] FIG. 10A shows HBsAg level in serum for two
oligonucleotides described in Table 31.

[0028] FIG. 10B shows HBeAg level in serum for two
oligonucleotides described in Table 31.

[0029] FIG. 11A shows HBsAg level in serum for oligo-
nucleotides described in Table 33 as a single dose. FIG. 11B
shows HBsAg level in serum for oligonucleotides described
in Table 33 for a dosing regimen of 3x3.3 mg/kg on Days 0,
2, 4.

[0030] FIG. 12A shows HBsAg level in serum for oligo-
nucleotides described in Table 37 as a single dose. FIG. 12B
shows HBsAg level in serum for oligonucleotides described
in Table 38 as a single dose. FIG. 12C shows HBsAg level
in serum for oligonucleotides described in Table 40 as a
single dose.
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DETAILED DESCRIPTION

[0031] The present disclosure is directed to modified
nucleotides and oligonucleotides comprising the modified
nucleotides and modified linkages between nucleotides. The
present disclosure is also directed to constructs of the
oligonucleotides, which include domains, regions or por-
tions within the oligonucleotide having common features
and additional components conjugated to the oligonucle-
otide such as targeting moieties. The present disclosure is
further directed to methods of using and preparing the
oligonucleotides and their constructs.

[0032] As known in the art and as set forth in the present
disclosure, a modified nucleotide is any nucleotide that is not
a deoxyribonucleotide. For example, the 2' carbon of the
deoxyribose may be substituted by a substituent other than
the hydroxy (OH); the 3' carbon of the deoxyribose may be
substituted by a substituent other than the oxygen atom (O).
As known in the art and as set forth in the present disclosure,
a modified linkage between two nucleotides is any linkage
that is not a phosphodiester bond between the 3' carbon of
the deoxyribose of the first nucleotide and the 5' carbon of
the deoxyribose of the second nucleotide.

1. 2, 3'-Modified Nucleotides and Related
Oligonucleotides

[0033] Compounds of the present disclosure include
modified nucleotides with particular 2' and 3' modifications.
In embodiments, compounds of the present disclosure
include replacement of the hydroxy, or substitution, at the 2'
carbon of the deoxyribose sugar. In addition, these com-
pounds of the present disclosure include modifications of the
linkage between two nucleosides, which includes replace-
ment of the oxygen atom, or substitution, with a nitrogen
atom (N) at the 3' carbon of the deoxyribose sugar. Modi-
fications of the linkage further include replacement of
another oxygen atom, or substitution, in the phosphodiester
bond.

[0034] These modified nucleotides may be used, e.g., in
oligonucleotides such as chimeric oligonucleotides allowing
for enzymatic cleavage of the genetic target by RNase H or
modified antisense oligonucleotides.

A. 2", 3'-Modified Nucleotides

[0035] Accordingly, compounds of the present disclosure
include nucleotides of Formula (I):

@

O

wherein R is H or a positively charged counter ion, B is
independently in each instance a natural or an unmodified
nucleobase or a modified nucleobase, R, is —(CR',),OCR';,
and R' is independently in each instance H or F.
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[0036] In nucleotides of Formula (I), R, is —(CR',)
,OCR';. In some embodiments, R' is H in each instance. In
other embodiments, at least one R' is F, for example, 1, 2, 3,
4,5,6,o0r7R’s are F. In some embodiments, CR', contains
1, 2 or 3 F moieties. For example, in embodiments, R, is
selected from the group consisting of —CH,CH,OCH, (or

MOE), —CF,CH,OCH,, —CH,CF,0CH,,
—CH,CH,OCF,, —CF,CF,OCH,, - CH,CF,0CF,,
—CF,CH,0CF,, —CF,CF,OCF,, —CHFCH,OCH,,

—CHFCHFOCH,, —CHFCH,OCFH,, —CHFCH,OCHF,
and —CH,CHFOCH;. In embodiments, the nucleotide of
Formula I is:

HN 0— (CH,),—OCHs.
\ 20

HS/FP}FJJ

[0037] In embodiments, compounds of the present disclo-
sure include at least one nucleotide of Formula (I) and at
least one nucleotide of Formula (II):

an

-

fo) O

B,
OR,

HN
\ (6]

e

rRY”

wherein Y is S or O, R is H or a positively charged counter
ion, B is a nucleobase, R, is —CR';, —CR',OCR';, —(CR',)
;OCR'; or —(CR',), ,CR';, or R, is —(CR',),OCR'; and Y
is O and R' is independently in each instance H or F.

[0038] In the nucleotide of Formula (II), R, is —CR';,
—(CR',), ;0CR';, or —(CR',), ,CR';. In some embodi-
ments, R, is-CR'; or —CR',CR';. In some embodiments, R’
is H in each instance. In other embodiments, at least one R’
is F, for example, 1, 2, 3, 4, or 5 R’s are F. In some
embodiments, CR'; contains 1, 2 or 3 F moieties. For
example, in embodiments, R, is selected from the group
consisting of —CH; (or Me), —CFH,, —CHF,, CF;,
—CH,0OCH,, —CFH,0CH,, —CHF,0OCH,, —CF,0CHj,

—CH,OCFH,, —CH,OCHF,, —CH,OCF,,
—CFH,0CH,,  —CFH,0OCFH,,  —CFH,0CHF,,
—CFH,OCF,, —CHF,0CH,, —CHF,0CFH,,
—CHF,0CHF,,  —CHF,0OCF,,  —(CR',),0CRY,
—CH,CH, (or Et), —CFH,CH,, —CHF,CH,, —CF,CH,,
—CH,CFH,, —CH,CHF,, —CH,CF,, —CFH,CH,,
— CFH,CFH,, —CFH,CHF,, —CFH,CF,, —CHF,CH,,
—CHF,CFH,, ~_CHF,CHF,, —CHF,CF,,

—CH,CH,CH,, CF,CH,CH,, CH,CF,CH,, CH,CH,CF,,
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CF,CF,CH,, CH,CF,CF,, CF,CH,CF;, CF,CF,CF;,
CHFCH,CH,, CHFCHFOCH;,, CHFCH,CFH,,
CHFCH,CHF, and CH,CHFCHj;. In embodiments, R, is
—CH,; (or Me) or —CH,CHj; (or Et). In embodiments, the
nucleotides of Formula II are selected from the group
consisting of

HN\ OCH,CH; and

HN OCH,CH;.

[0039] In compounds of Formulae (I) or (II), Y may be O
or S. In some embodiments, Y is S in at least one instance
(eg,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23,24, 25, 26, 27, 28, 29, 30 etc.). In other
embodiments, Y is S in at least one instance and O in at least
another instance. In other embodiments, Y is S in each
instance. In some embodiments, Y is O in at least one
instance (e.g., 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 etc.).
[0040] The disclosed oligonucleotides comprise at least
one nucleotide of Formula (I). In embodiments, the dis-
closed oligonucleotides comprise 1, 2, 3,4, 5, 6,7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24
nucleotides of Formula (I). In embodiments, the disclosed
oligonucleotides comprise 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 nucleotides of
Formula (II). In some embodiments, the oligonucleotide
comprises from 2 to 40 nucleotides, for example, 8 to 26
nucleotides or integers there between.

[0041] Inembodiments where more than one nucleotide of
Formula (I) are included, the nucleotide may be the same or
different. In some embodiments one or more nucleotides of
Formula (II) are included, and may be the same or different.
For example, in some embodiments, the oligonucleotide
comprises at least one nucleotide of Formula (I) and at least
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one nucleotide of Formula (II). In some embodiments, the
oligonucleotide comprises at least one nucleotide of For-
mula (I), wherein at least one R, is MOE and at least one
nucleotide of Formula (II), wherein R, is Me or Et. In some
embodiments, the oligonucleotide comprises at least 2 alter-
nating nucleotides of Formula (I) and Formula (II). For
example, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24 nucleotides with alternating 2'
modification (e.g., Me-MOE-Me-MOE . . . or Et-MOE-Et-
MOE-Et-MOE . . .).

[0042] In some embodiments, the nucleotide of Formula
(D) and/or Formula (II) is represented by the following:

@

ar)

w

[0043] In some embodiments, the oligonucleotide com-
prising the nucleotide of Formula (I) further comprises a
2'-fluoronucleotide of the Formula (Illa) and/or (1I1b):

(ITla)

w

(IITb)
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wherein Y is S or O, R is H or a positively charged counter
ion, and B is a nucleobase.

[0044] In some embodiments, the oligonucleotide com-
prises at least 4 alternating nucleotides of Formulae (I) and
(Illa). For example, the oligonucleotide comprises 4, 5, 6, 7,
8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24
alternating nucleotides.

[0045] Certain embodiments include an oligonucleotide
comprising 4-40 nucleotides, and comprising Formula (IV):

av)

o B
0
o F
\Pé
-
rRY” \
O a
B
0
o X
\P/

RY/
b2

wherein Y is S or O, R is H or a positively charged counter
ion, B is a nucleobase, R, is —(CR',),OCR';, R, is selected
from —OCR';, —OCR',OCR';, —O(CR',);OCR'; or
—O(CR",), ,CR'; and F, R' is independently in each
instance H or F, and a is an integer of 1-10 and b is an integer
from 1-10, where the to 20, e.g., 1,2,3,4,5,6,7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 and 20.

[0046] Compounds of the present disclosure include com-
pounds comprising the following Formula (III'):

(I

wherein Y is S or O, R is H or a positively charged counter
ion, and B is independently in each instance a natural or an
unmodified nucleobase or a modified nucleobase; and
optionally comprising one or more of formula (I), (II),
and/or (IV).

[0047] The nucleobases, B, of the nucleotides of Formulae
(D, D, (1lla), (IlIb), (IV) and (V) may each independently
be a natural or an unmodified nucleobase or a modified
nucleobase. In some embodiments, the modified nucleotides
include 2,6-diaminopurine nucleobases, but optionally not
adenine. In some embodiments, the modified nucleotides
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include 5-methyluracil nucleobases, but optionally not ura-
cil. In some embodiments, the modified nucleotides include
2,6-diaminopurine nucleobases, but not adenine and
5-methyluracil nucleobases, but optionally not uracil.

[0048] Y in each nucleotide of Formulae (II), (1lla), (I1Ib),
(IV) and (V) may be independently O or S. In some
embodiments, Y is S in at least one instance (e.g., 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24, 25,26, 27,28, 29,30 etc.). In other embodiments,
Y is S in at least one instance and O in at least another
instance. In other embodiments, Y is S in each instance. In
some embodiments, Y is O in at least one instance (e.g., 1,
2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 etc.).

[0049] Inembodiments where more than one nucleotide of
each of Formulae (I), (I), (Illa), (IlTb), IV) and (V) are
included, the more than one nucleotides such Formulae may
be the same or different. For example, in some embodi-
ments, the nucleotide comprises at least one nucleotide of
Formula (II), (II1), (IV), (V) and/or (V') in addition to at least
one nucleotide of Formula (I). In some embodiments, the
nucleotide comprises at least 2 alternating nucleotides of
Formula (I) and/or Formula (II) and/or (III) and/or (IV), (V)
and/or (V'). For example, disclosed oligonucleotides may
include 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24 nucleotides with alternating 2'
modifications.

[0050] In embodiments, the nucleotides of the oligonucle-
otide are selected from the group consisting of:

m, OcH: Y OCHCH;
/P/ /P/
s F}f,f HO
0 B
o)
N OCHCH,
/P¢
HS P’}ﬁ.ﬁ
0 B
o)
HN 0— (CHy),—OCHj,
\ O
/P/
HO
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-continued
0 B
(@]
N O—(CH,),—OCH;
\ O
-~ P/
HS
o B o B
(@] (@]
F and s
HN\ o HN\ o F
P% Pé

where B can be any natural or modified base.

[0051] Compounds of the present disclosure include com-
pounds comprising the following Formula (V'):

)

wherein Y is S or O, R is H or a positively charged counter
ion, B is independently in each instance a natural or an
unmodified nucleobase or a modified nucleobase, A is
—(CR"R"),_,— and R" is independently in each instance H,
F or Me, and optionally comprising one or more of Formulae
O, D, (D), (IV) or (V).

[0052] In the compound comprising formula (V'), A is
—(CR"R"),_,-. In some embodiments, A is —(CR"R")— in
other embodiments, A is —(CR"R"),—. R" is independently
in each instance H or Me. In some embodiments, one R" is
Me and remaining are H. In other embodiments, all R" are
H.

[0053] Insome embodiments, when A is CH,, then Y is S.
In other embodiments, when A is CH,CH,, then Y is O or
S. In some embodiments, A is CH,CH(Me) or CH(Me) and
Yis OorS.

[0054] In the compound comprising formula (V'), Y is O
or S. In some embodiments, Y is S in at least one instance
(eg,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23,24, 25, 26,27, 28, 29, 30 etc.). In other
embodiments, Y is S in at least one instance and O in at least
another instance. In other embodiments, Y is S in each
instance. In some embodiments, Y is O in at least one
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instance (e.g., 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 etc.).
[0055] The compound of Formula (V') (and optionally
Formulae (1), (IT), (I11), (IV), (V) and/or (V') may be part of
an oligonucleotide. In some embodiments, the compound
comprising Formula (IV) (and optionally Formulae (1), (II),
(I, AV), (V) and/or (V")) is an oligonucleotide comprising
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24 nucleotides of Formula (V') (and Formulae
(D, D, (1), (IV), (V) and/or (V"). In some embodiments,
the oligonucleotide comprises from 2 to 40 nucleotides, for
example, 8 to 26 nucleotides or integers there between.
[0056] In embodiments where more than one nucleotides
of Formula (V") are included, the more than one nucleotides
of Formula (V') may be the same or different. In some
embodiments one or more nucleotides of Formulae (1), (II),
(I, AV), (V) and/or (V') are included, and may be the same
or different. For example, in some embodiments, the nucleo-
tide comprises at least one nucleotide of Formula (V') and at
least one nucleotide of Formulae (I), (II), (IIT), (IV), (V)
and/or (V"). In some embodiments, the nucleotide comprises
at least 2 alternating nucleotides of Formula (V') and For-
mula (I) and/or (II). For example, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24
nucleotides with alternating 2' modification.

[0057] In some embodiments, the nucleotide comprising
the nucleotide of Formula (V') (and optionally Formulae (1),
(ID), (11D, AV), (V) and/or (V")) further comprises a 2-fluo-
ronucleotide of the following structures:

w
w

or F>

where Y, R and B are the same as for Formula (I). In some
embodiments, the nucleotide comprises at least 4 alternating
nucleotides of Formula (V') and 2-fluoronucleotides.
[0058] Compounds of the present disclosure include com-
pounds comprising the following Formula (V):

wherein Y is S or O, R is H or a positively charged counter
ion, and B is independently in each instance a natural or an
unmodified nucleobase or a modified nucleobase; and
optionally comprising one or more of formula (I), (II), (III),
(IV) and/or (V").
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B. Chimeric Oligonucleotides

[0059] The present disclosure is directed to constructs of
oligonucleotides, which include domains, regions or por-
tions within the oligonucleotide having common features.
Oligonucleotides having these domains are referred to
herein as chimeric oligonucleotides. In some embodiments,
chimeric oligonucleotides are represented by Formula (VI):

5X—Y—7-3' 1),

wherein the chimeric oligonucleotide comprises a sequence
of 14 to 22 nucleosides, wherein X is a domain comprising
a sequence of modified nucleotides that is 3-10 nucleotides
in length; 7 is a domain comprising a sequence of modified
nucleotides that is 3-10 nucleosides in length; and Y is a
domain comprising a sequence of 2-10 2'-deoxy-nucleo-
tides, or unmodified nucleotides. Each of the nucleosides in
each of the domains is linked through intersubunit linkages.
[0060] In some embodiments, chimeric oligonucleotides
are represented by Formula (VI'):

5X—Y—7-3' VD),

wherein the chimeric oligonucleotide comprises a sequence
of 14 to 22 nucleosides, wherein X is a domain comprising
a sequence of modified nucleotides that is 2-10 nucleotides
in length; 7 is a domain comprising a sequence of modified
nucleotides that is 2-10 nucleosides in length; and Y is a
domain comprising a sequence of 6-14 2'-deoxy-nucleo-
tides, or unmodified nucleotides. Each of the nucleosides in
each of the domains is linked through intersubunit linkages.
[0061] Nucleotides of formula (I), (II), (Illa), (IlTb), (IV),
(V) and/or (V') may be present in the X and/or Z domain.
Chimeric oligonucleotide may be conjugated at the 5' and/or
3" end to a ligand-targeting group or a pharmacophore.
[0062] In some embodiments, the Y domain contains
2'deoxy-nucleosides linked by thiophosphate intersubunit
linkages. In embodiments, the Y domain contains 2'deoxy-
nucleosides linked by at least one phosphodiester intersub-
unit linkage. In embodiments, the Y domain contains
2'deoxy-nucleosides linked by two phosphodiester intersub-
unit linkages. In embodiments, the Y domain contains
2'deoxy-nucleosides linked by thiophosphate intersubunit
linkages and one or two phosphodiester intersubunit link-
ages. In some embodiments, the Y domain is 6 to 10
nucleotides in length.

[0063] In some embodiments, the X domain comprises
nucleotides of formulae (1), (II), (Illa), (IlIb), AV), (V)
and/or (V'). In some embodiments, the X domain comprises
modified nucleotides where the modification is indepen-
dently selected from 2'-OMe, 2'-OEt, 2'-O-methoxyethoxy,
and conformationally restricted nucleotides. In some
embodiments, the X domain is 9 or 10 nucleotides in length.
[0064] In some embodiments, the Z domain comprises
nucleotides of formulae (1), (II), (Illa), (IlIb), AV), (V)
and/or (V'). In some embodiments, the Z domain comprises
2' modified nucleotides where the modification is 2'-OMe,
2'-OFEt or 2'-MOE. In some embodiments, the Z domain is
9 or 10 nucleotides in length.

[0065] In embodiments, the chimeric oligonucleotide
comprises a sequence of 14 to 22 nucleotides. For example,
the oligonucleotide may include 14, 15, 16, 17, 18, 19, 20,
21 or 22 nucleotides.

[0066] In embodiments, X is a domain consisting of a
sequence containing one or more modified nucleotides that
is 3-10 nucleotides in length; Z is a domain consisting of a
sequence containing one or more modified nucleotides that
is 3-10 nucleotides in length; and Y is a domain consisting
of'a sequence of 2 to 10 2'-deoxy-nucleosides linked through
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thiophosphate intersubunit linkages and optionally one or
two phosphodiester intersubunit linkages. In some embodi-
ments, X is 5-9, Y is 6-10 and Z is 5-9. In some embodi-
ments, the number of nucleotides in each of X, Y and Z,
respectively is: 6/6/6, 6/6/7, 6/6/8, 6/7/6, 6/7/7, 6/7/8, 6/8/6,
6/8/7, 6/8/8, 3/10/3, 4/10/4, 5/10/5, 5/10/6, 2/12/2, 3/12/3,
2/14/2, 5/9/5, 5/9/6, 5/8/5, 5/8/6, 5/8/7, 1/5/7, 1/5/8, 1/5/9,
7/6/6, 7/6/7, 7/6/8, 7/6/9, 7/7/6, 1/7/7, 7/7/8, 7/7/9, T/5/7,
7/5/8, 71519, 7/477, 1/4/8, T/4/9, 8/4/7, 8/4/8, 8/4/9, 1/3/7,
7/3/8, 7/3/9, 8/3/7, 8/3/8, 8/3/9, 8/3/10, 9/3/7, 9/3/8, 9/3/9,
9/3/10, 8/2/7, 8/2/8, 8/2/9, 8/2/10, 9/2/7, 9/2/8, 9/2/9, 9/2/10,
10/2/8, 10/2/9, 10/2/10. The X domain and the Z domain
each, respectively, comprise a sequence of modified nucleo-
tides, where the domain is 4-10 nucleotides in length. For
example, the X domain and/or Z domain may comprise a
sequence of 4, 5, 6, 7, 8, 9, or 10 nucleotides. One or more
of these nucleotides is modified (e.g., 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10). For example, in some embodiments, all the
nucleotides in each of the X domain and/or Z domain are
modified.

[0067] The nucleotides of the X and Z domains may be
modified according to Formulae (I), (I), (Illa), (I1Ib), (IV),
(V) and/or (V') with respect to one or more of their nucle-
obases, the 2' and/or 3' positions on the ribose sugar and their
intersubunit linkages. Embodiments include wherein the 2'
position is modified with an F (ribo or arabino) and the 3'
position is O or NH. Embodiments also include wherein the
2' position is modified with an OMe and the 3' position is O
or NH. Embodiments include wherein the 2' position is
modified with an F (ribo or arabino) as well as Me or OMe,
and the 3' position is O or NH. Embodiments include
wherein the 2' position is modified with an F (ribo or
arabino) and the 3' position is O or NH. Embodiments
include wherein the 2' position is modified with an
O-methoxyethoxy and the 3' position is O or NH. Embodi-
ments also include wherein the 2' position is modified with
an F (ribo or arabino) and the 3' position is O or NH.
Embodiments include wherein the 2' and 4' positions are
modified bridging group (as described elsewhere herein) to
form a conformationally restricted nucleotide and the 3'
position is O or NH. Each of these embodiments may
include thiophosphate (or thiophosphoramidate depending
on the 3' substitution) and phosphoramidate intersubunit
linkages.

[0068] Embodiments also include where the 2' position is
H, and the 3' position is NH. Each of these embodiments
may include thiophosphoramidate and/or phosphoramidate
intersubunit linkages.

[0069] In some embodiments, the modified nucleotides of
the X domain and the Z domain each, respectively, include
a modification independently selected from at least one of
2'-F, 2'-F—N3'—P5', 2'-OMe, 2'-OMe-N3'—P5', 2'-O-
methoxyethoxy, 2'-O-methoxyethoxy-N3' conformationally
restricted nucleotides.

[0070] In some embodiments, the modified nucleotide
contains a nucleoside represented by the following Formula
(A):

)
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wherein A is independently in each instance NH or O, B is
independently in each instance a natural or an unmodified
nucleobase or a modified nucleobase, and R' and R" are each
independently in each instance selected from H, F, OH,
OMe, OEt, O-methoxyethoxy, and R™ is H, or R' and R™
together form a 2-4 atom bridge to form a conformationally
restricted nucleoside (e.g.,, —O—CH,—, —O—CH(Me)-,
or —O—(CH,),—).

[0071] In some embodiments, R' is selected from F, OH,
—OMe, —OEt, O-methoxyethoxy; R" is H and F; and R™
is H, Me or —OMe. In other embodiments, R" and R™ are
H; and R' is selected from F, OMe, OEt and O-methoxy-
ethoxy. In some embodiments, A is NH in each instance.

[0072] Some embodiments include one or more modified
nucleosides represented by Formula (A), wherein A is NH;
B is a G-clamp; R'is F or OMe and R" is H; or R'is H and
R" is H or F; and R™ is H.

[0073] Some embodiments include one or more modified
nucleosides represented by Formula (A), wherein A is NH;
B is an unmodified or modified nucleobase; R' and R™
together form a conformationally restricted nucleoside (e.g.,
—0—CH,—, —0—CH(Me)-, or —O—(CH,),—); and R"
is H. In some embodiments, B is an unmodified or a
modified nucleobase selected from the group consisting of
5-methylcytosine, 2,6-diaminopurine, and 5-methyluracil.
[0074] Some embodiments include one or more modified
nucleosides represented by Formula (A), wherein A is NH;
B is an unmodified or modified nucleobase; R' is F or OMe,
R" is H and R" is H.

[0075] Some embodiments include one or more modified
nucleosides represented by Formula (A), wherein A is NH;
B is an unmodified or modified nucleobase; R' is H, R" is F
and R is H.

[0076] In some embodiments, the X and 7 domains are
represented by the Formula (Ix):

)

wherein W is independently in each instance OR or SR,
where R is H or a positively charged counter ion; R', R", R",
A and B are as described for Formula (A). In other embodi-
ments, A is O and R', R" are independently H or OEt, where
at least one of R', R" is OEt.

[0077] For example, the nucleotides of X and/or Z may
include one or more of the nucleotides in Table A in addition
to at least one nucleotide in each of the X and Z domains
where A is NH, W is S, and R' is MOE.
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TABLE A TABLE A-continued
a1 — O (CH,),— NH o
-N“"\w\r 42 —O0—(CH,),— o) s
5 43 — O (CH,),— o o
B 44 — O CH(Me)— NH s
0 , 45 —O—CH(Me)— NH 0
R R 46 O CH(Me)— 0 s
a7 — O CH(Me)— o o)
A R
\
O=P—W

Nucleotide No. R’ R" R" A \
1 F H H NH S
2 F H H NH o
3 F H H o S
4 F H H o o
5 H F H NH S
6 H F H NH o
7 H F H o S
8 H F H o o
9 OMe H H NH S

10 OMe H H NH o
11 OMe H H o S
12 OMe H H o o
13 H F H NH S
14 H F H NH o
15 H F H o S
16 H F H o o
17 O—methoxyethoxy H H NH S
18 O—methoxyethoxy H H NH (@)
19 O—methoxyethoxy H H (@) S
20 O—methoxyethoxy H H (@) (@)
21 H H H NH S
22 H H H NH o
23 OH H H NH S
24 OH H H NH o
25 OH H H o S
26 H OH H NH o
27 H OH H NH S
28 H OEt H NH o
29 H OEt H NH S
30 H OEt H o o
31 H OEt H o S
32 OEt H H NH o
33 OEt H H NH S
34 OEt H H o o
35 OEt H H o S

Nucleotide No. C A w
36 —O—CH,— NH S
37 —O—CH,— NH (¢]
38 —O—CH,— (¢] S
39 —O—CH,— (¢] (¢]
40 —O—(CH,)»— NH S

[0078] Insome embodiments, the X domain and Z domain
each independently comprise two, three or more different
nucleotides 1-47.

[0079] The nucleosides of the X domain are linked
through intersubunit linkages, for example, N3'—=P5' phos-
phoramidate, N3'—P5' thiophosphoramidate, thiophos-
phate, phosphodiester intersubunit linkages or combinations
thereof. In some embodiments, the X domain is linked
through intersubunit linkages selected from N3'—P5' phos-
phoramidate, N3'—P5' thiophosphoramidate, and combina-
tions thereof.

[0080] The X domain of the chimeric oligonucleotide may
include a certain arrangement of modified nucleotides. For
example, in some embodiments, the X domain comprises
one or more conformationally restricted nucleotides. Con-
formationally restricted nucleotides can include BNA, such
as, LNA and ENA. (eg, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
conformationally restricted nucleotides). In some embodi-
ments, the X domain comprises one or more 2'-F and/or
2'-OMe modified nucleotides. In some embodiments, the X
domain comprises alternating conformationally restricted
nucleotides, e.g., every other nucleotide is a conformation-
ally restricted nucleotide. In some embodiments, the X
domain comprises one or more 2'-F and/or 2'—OMe modi-
fied nucleotide (e.g., 1, 2, 3,4, 5, 6,7, 8, 9, 10 2'-F and/or
2'-OMe modified nucleotides). In some embodiments, the X
domain comprises alternating 2'-F and 2'-OMe modified
nucleotides. In embodiments, the X domain comprises 2'-F
or 2'-OMe and conformationally restricted nucleotides, for
example, in an alternating sequence.

[0081] The Y domain comprises a sequence of 2 to 14
2'-deoxynucleotides. For example, the Y domain may com-
prise a sequence of 2,3, 4,5,6,7,8,9,10, 11, 12, 13 or 14
2'-deoxynucleotides. One or more of the 2'-deoxynucleo-
sides may be linked through thiophosphate intersubunit
linkages (e.g., 1, 2,3, 4,5,6,7,8,9, 10, 11, 12, 13 or 14
thiophosphate intersubunit linkages). In some embodiments,
each of the 2'-deoxynucleosides is linked through a thio-
phosphate intersubunit linkage. In some embodiments, the Y
domain comprises at least one phosphodiester intersubunit
linkage (e.g., 1, 2 or 3 phosphodiester intersubunit linkages).
In other embodiments, the Y domain consists of 2'-deoxy-
nucleosides linked through thiophosphate intersubunit link-
ages, and optionally one or two phosphodiester intersubunit
linkages.

[0082] In embodiments, the Y domain comprises nucleo-
tides that induce RNase H cleavage.

[0083] In some embodiments, the 2'-deoxynucleoside
linked through a thiophosphate intersubunit linkage may be
represented by the following Formula (B):
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where B is independently in each instance an unmodified or
modified nucleobase. In some embodiments, B is an
unmodified or a modified nucleobase selected from the
group consisting of 5-methylcytosine, 2,6-diaminopurine,
and 5-methyluracil.

[0084] In other embodiments, the 2'-deoxynucleoside
linked through a thiophosphate intersubunit linkage com-
prises a modified 2'-deoxynucleoside, which may be modi-
fied in the same manner as in the X and Z domain. For
example, the modified 2'-deoxynucleoside linked through a
thiophosphate intersubunit linkage may be represented by
the following Formula (C):

©

wherein B is independently in each instance an unmodified
or modified nucleobase, and R" and R" are each indepen-
dently in each instance selected from H, F, Cl, OH, OMe,
Me, O-methoxyethoxy, or R' and R"™ together form a 2-4
atom bridge to form a conformationally restricted nucleo-
side. In some embodiments, B is an unmodified or a modi-
fied nucleobase selected from the group consisting of
5-methylcytosine, 2,6-diaminopurine, and 5-methyluracil.

[0085] The Z domain comprises a sequence of modified
nucleotides, where the Z domain is 4-10 nucleotides in
length. For example, the Z domain may comprise a sequence
of 4, 5, 6,7, 8,9, or 10 nucleotides. One or more of these
nucleotides is modified (e.g., 1,2, 3,4, 5,6, 7, 8, 9, 10, 11,

12
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12, 13, 14, 15, 16, 17, 18, 19, 20, 21 or 22). For example,
in some embodiments, all the nucleotides in the Z domain
are modified.

[0086] The modified nucleotides of the Z domain include,
for example, a modification independently selected from at
least one of 2'-F, 2'-F—N3' 2'-OMe, 2'-OEt-N3'—P5', 2'-O-
methoxyethoxy, 2'-O-methoxyethoxy-N3'—=P5', conforma-
tionally restricted nucleotides, 2'-OH—N3'—P5' thiophos-
phoramidate and 2'-OH—N3'—P5' phosphoramidate.
[0087] In some embodiments, the modified nucleotide
may include a nucleoside represented by Formula (A).
[0088] The nucleotides of the Z domain are linked through
intersubunit linkages, for example, N3'—=P5' phosphorami-
date, N3'—P5' thiophosphoramidate, thiophosphate or phos-
phodiester intersubunit linkages. In some embodiments, the
Z domain is linked through N3'—=P5' phosphoramidate,
N3'—P5' thiophosphoramidate, intersubunit linkages, and
combinations thereof.

[0089] The Z domain of the chimeric oligonucleotide may
include a certain arrangement of modified nucleotides. For
example, in some embodiments, the Z domain comprises
one or more (e.g., 1, 2,3,4,5,6,7,8,9 or 10, or more)
conformationally restricted nucleotides (e.g., BNA, such as,
LNA, ENA, each of which may be optionally substituted).
In some embodiments, the Z domain comprises alternating
conformationally restricted nucleotides, e.g., every other
nucleotide is a conformationally restricted nucleotide (e.g.,
BNA, such as, LNA, ENA, each of which may be optionally
substituted). In some embodiments, the Z domain comprises
one or more (e.g., 1,2,3,4,5,6,7,8,9 or 10, or more) 2'-F
and/or 2'-OMe modified nucleotide. For example, some
embodiments include where the Z domain comprises alter-
nating 2'-F and 2-OMe modified nucleotides, or the Z
domain comprises alternating 2'-F or 2'-OMe and confor-
mationally restricted nucleotides.

[0090] In some embodiments, the modified nucleotides of
Formula (VI) or (VI") include S5-methylcytosine nucle-
obases, but not cytosine. In some embodiments, the modi-
fied nucleotides of Formula (VI) or (VI') include 2,6-
diaminopurine nucleobases, but not adenine. In some
embodiments, the modified nucleotides of Formula (VI) or
(VD" include 5-methyluracil nucleobases, but not uracil. In
some embodiments, the modified nucleotides of Formula
(VD) or (VI') include 2'-OMe and conformationally restricted
nucleotides, and are linked through thiophosphate intersub-
unit linkages, and the modified nucleotides include 5-meth-
yleytosine nucleobases, but not cytosine. In some embodi-
ments, the modified nucleotides of Formula (VI) or (VI")
include the 2'-OMe modified nucleotides with 5-methylura-
cil nucleobases, but not uracil.

[0091] In certain embodiments, the chimeric oligonucle-
otide represented by Formula (VI) or (VI') is arranged
according to at least one of the constructs of Table B where
at least one intersubunit linkage in the X and Z domains is
an NPS linkage.

TABLE B

X Domain

Y Domain Z Domain

Number Intersubunit Nucleobase

Number Intersubunit

Number Intersubunit Nucleobase

of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
6 np, nps, ps, A, G,C T,U, 2 ps A G C T, U 11  op,mps,ps, A, G C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
7 mp,nps,ps, A,GC,TU, 2 ps A G C T, U 10 np,mps,ps, A, G C T, U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP,
8 np,mops,ps, A G CTU, 2 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 2 ps A G C T, U 8 mp,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clam, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 2 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp clamp, DAP
6 np,nops,ps, A G CTU, 3 ps A G C T, U 10 np,mps,ps, A, G C T, U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 3 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 3 ps A G C T, U 8 mp,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 3 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 3 ps A G C T, U 6 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 4 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 4 ps A G C T, U 8 mp,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 4 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 4 ps A G C T, U 6 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 4 ps A G C T, U 5 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 mp,ops,ps, A,GCTU, 5 ps A G C T, U 5 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 5 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 5 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 5 ps A G C T, U 6 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued
X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
9 mp,nps,ps, A,GCTU, 5 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 6 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 6 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 6 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 6 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 6 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 6 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 6 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 6 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 6 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 6 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 6 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 6 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 6 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 6 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 6 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 7 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G

clamp, DAP clamp, DAP



US 2018/0135054 Al

15

TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
7 mp,nps,ps, A,GC,TU, 7 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 7 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 7 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 7 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 7 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 7 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 7 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 7 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 7 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np,nops,ps, A G CTU, 7 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 mp,nps,ps, A,GC,TU, 7 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np,mops,ps, A G CTU, 7 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
9 mp,nps,ps, A,GCTU, 7 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
10 op,mps,ps, A, G C T,U, 7 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 mp,ops,ps, A,GCTU, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 mp,ops,ps, A,GCTU, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 mp,ops,ps, A,GCTU, 8 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 mp,ops,ps, A,GCTU, 8 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 8 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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TABLE B-continued

X Domain Y Domain Z Domain
Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 9 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 3 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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Number Intersubunit Nucleobase Number Intersubunit Number Intersubunit Nucleobase
of Nucs Linkages Substitutions of Nucs Linkages Nucleobase of Nucs Linkages Substitutions
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 mp,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
3 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 10 np,mps,ps, A, G C T, U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 3 np,nops,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 mp,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
4 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 10 np,mps,ps, A, G C T, U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 mp,nps,ps, A, G CTU,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 9 np,nps,ps, A, G CT,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
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6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
7 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
8 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 4 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 6 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 7 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 8 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
5 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 9 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, ps, A, G, C, T, U, 10 ps A G C T, U 5 np, nps, ps, A, G,C,T,U,
PO DAP, 5meC, PO DAP, 5meC,
SmeU, G SmeU, G
clamp, DAP clamp, DAP
6 np, nps, 